B s → ρ(ω)K * are useful to determine the B s distribution amplitude, as well as constrain the CKM phase angle α. We study these decays within the Perturbative QCD (PQCD) picture. In this approach, we calculate factorizable, non-factorizable, as well as annihilation diagrams. We find the branching ratio for B s → ρ + K * − is big to order 10 −5 , we also find there's large direct CP violation in B s (B s ) → ρ 0 (ω)K * 0 (K * 0 ).
Introduction
Exclusive nonleptonic B decays have provided a fertile field to investigate the CP violation parameters and search for new physics. However, it is difficult to calculate the hadronic matrix element due to the non-perturbative QCD dynamics. The conventional approach is based on factorization assumption (FA) [1, 2] , under which nonfactorizable and annihilation contribution are argued to be small and not taken into account. It is successful in explaining the branching ratios of most decay channels but suffered by infrared-cutoff and scale dependence. Moreover, it relies strongly on form factors which could not be calculated by FA itself. To improve the theoretical application and solve the existing problems, the perturbative QCD (PQCD) [3, 4, 5, 6] approach, the QCD improved factorization (QCDF) [7, 8] as well as the Soft-collinear effective theory (SCET) [9] have been developed in the recent years.
PQCD is based on k T factorization theorem [10, 11, 12] and the decay amplitude is written as the convolution of the mesons' wave functions(see Appendix A), the hard scattering kernels and the Wilson coefficients, which stands for the soft, hard and harder dynamics respectively.
The transverse momentum is introduced so that the endpoint singularity which will break the collinear factorization is regulated and the large double logarithm term appears after the integration on the transverse momentum, which is then resummed into the Sudukov form factor. The formalism can be written as:
where the b i is the conjugate space coordinate of the transverse momentum, which represents the transverse interval of the meson. t is the largest energy scale in hard function H, while the jet function S t (x i ) comes from the summation of the double logarithms ln 2 x i , called threshold resummation [10, 13] , which becomes large near the endpoint. After this separation, the infrared divergences are absorbed into the hadron wave functions and the remain part of radiative corrections is infrared finite. Besides, the external quarks are on-shell and gauge independence is guaranteed.
Exclusive two body B decays have been discussed largely in literature with PQCD approach [5, 6, 14, 15] and many other methods [2, 8, 16, 17] 
with ω B S = 0.4GeV and normalization constant N Bs = 114.0GeV respectively [18] , it is almost the same with that in B meson wave function [5, 19] . However, the B S → πK data reveal a upper limit of the branching ratio to 7.5 × 10 −6 [20] , this data can confine the parameter ω Bs to a lower limit of about 0.5 [21] . Moreover, in order to fit the branching ratio measured in the B s → φφ decay [22] , we constrain ω Bs to about 0.55 [23] , this suggests the SU(3) symmetry-breaking must be larger than we thought. Here we integrate out the In this paper, we'd like to study B s → ρ(ω)K * decays in the PQCD approach, the potentially large branching ratio makes it not difficult to be detected by the CDF or LHCb experiments, then it may allow us to determine the B s distribution amplitude and SU (3) breaking effects with much more precision. Moreover, since it is not difficult to distinguish
, the mixing induced CP asymmetry doesn't appear here, then the CP asymmetry comes from the interference between V * tb V td from penguin and V * ub V ud from tree, they naturally form the CKM phase angle α(α ≡ arg(−
, hence we can also constrain α with few pollution from this channel.
Calculation and Numerical analysis
We use the effective Hamiltonian for the process B s → ρ(ω)K * given by [24] 
where the CKM matrix elements
being the Wilson coefficients, and the operators
i and j stand for SU(3) color indices.
For convenience, We adopt the light-cone coordinate system [25] . The decay width for these channels is :
where P c is the 3-momentum of the final state meson,
σ is the decay amplitude which is decided by QCD dynamics, will be calculated later in PQCD approach. The subscript σ denotes the helicity states of the two vector mesons with L(T) standing for the longitudinal (transverse) components. After analyzing the Lorentz structure, the amplitude can be decomposed into:
We can define the longitudinal H 0 , transverse H ± helicity amplitudes
where
. After the helicity summation, we can deduce that they satisfy the
What is followed is to calculate the matrix elements M L , M N and M T of the operators in the weak Hamiltonian with PQCD approach. The leading diagrams are shown in Fig.2 
respectively, where the subscript H = L, N, T denotes different helicity amplitudes, and T H and P H is the amplitude from tree and penguin respectively. The detailed formulas of T H
and P H are similar with those in B → K * K * [26] and B → φK * [14] , so we will not give the detailed formulas here.
As we have stated, B s → ρ(ω)K * can be used to determine ω Bs with much more precision, so we set 3 cases for ω Bs and get the results shown in TABLE.1. [28] , the central value of the CKM matrix elements α = 95
• , |V td | = 0.0075, |V tb | = 0.9992, |V ud | = 0.9745 [27] , is tree dominated and has a large branching ratio and small direct CP asymmetry. While referring to the other two, the contributions from penguin and tree are at the same order (Z H ≃ 0.5 ∼ 1.5) hence we can expect a large direct CP asymmetry from eqs. (13) .
While talking to the polarization fraction difference, the reason is similar. B s (B s ) → ρ ± K * ∓ is tree dominated, the main contribution comes from the factorizable part of the emission diagram, transverse polarization is suppressed by a factor r ρ ≃ 0.77/5.37 (see formulas in [26] ), so the longitudinal polarization dominates and contributes 92% of the total
, tree is suppressed to the same level of penguin, operator (S − P )(S + P ) with large Wilson coefficient C 6 will give great contribution to the total branching ratio through the factorizable part of the annihilation diagram, the transverse polarization is not numerically suppressed in this case and at last we get a small longitudinal fraction of about 0.4.
To extract the CPV parameters and dependence on CKM phase angle α of these decays, let's take B s → ρ 0K * 0 andB → ρ 0 K * 0 for example, we can rewrite the helicity amplitude in (9,10) as a function of α:
where Z H = |V * t /V * u ||P H /T H |, and δ is the relative strong phase between tree(T ) and penguin(P ) diagrams. Here in PQCD approach, the strong phase comes from the nonfactorizable diagrams and annihilation diagrams. This is different from Beneke-BuchallaNeubert-Sachrajda [7] approach. In that approach, annihilation diagrams are not taken into account, strong phases mainly come from the so-called Bander-Silverman-Soni mechanism [30] . As shown in [5] , these effects are in fact next-to-leading-order(α s suppressed) elements and can be neglected in PQCD approach. We give the averaged branching ratios
) as a function of α in Fig.3 , we also give the averaged branching ratios of Fig.4 .
Using Eqs. (11, 12) , the direct CP violating parameter is
. (13) Since the transverse polarization is twice of freedom when comparing with longitudinal one, the factor before T N and T T is twice as T L . We notice the CP asymmetry for these channels are sensitive to CKM angle α, hence we put A dir CP as a function of α in Fig.5 . Moreover, since CP asymmetry is sensitive to many parameters, the line should be broadened by uncertainties.
The mixing induced CP asymmetry is complicated, because two vector meson final states are not CP eigenstates, the CP asymmetry requires angular distribution study. Taking B s → ρ * + K * − for example, the ρ * + meson will decay into two particles in one plane, the K * − meson will decay in another plane, the angles between them are different forB 0 → ρ * − K * + , so the azimuthal angle distribution is CP violated too, it is very complicated and similar study may be found in [31] .
At last, If we compare our predictions with those from naive factorization [32]
and QCDF [17] 
we can notice their predictions for BR(B s (B s ) → ρ ± K * ∓ ) are a little bigger than ours, that's because the decay constants they used are a little bigger than ours. Besides, the branching ratios in FA and QCDF strongly depend on form factors, which are still not precisely determined. While in PQCD, the branching ratios and form factors depend on wave functions, especially the B s meson wave function. More experiment data can help to constrain the form factors and wave functions, finally all the methods may come to similar branching ratios, like the current B ± and B 0 decays. However, the direct CP violation prediction are quite different between these approaches [33] , which is current been tested in B factory experiments.
The numerical results shown here are only leading order ones. For the B s → ρ ± K * ∓ , this should be the dominant contribution. But for the other two decays, with a branch ratio as small as 10 −7 , the next-leading order and power suppressed contributions should not be negligible, the results may not be taken too seriously.
Current experiments [27] only give the upper limit for the decay
and future experiments are expected.
Summary
In this paper we have predicted the branching ratios, polarization fraction and CP asymmetries of B s → ρ(ω)K * modes using PQCD theorem in SM. We perform all diagrams with up to twist-3 wave functions, then we present the dependence of their averaged branching ratios and the CP asymmetry on the CKM angle α, at last we compare our prediction with experiments and values from other approaches.
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and for transverse polarized K * meson.
where the Gegenbauer polynomials are
For ρ and ω meson, we employ
(uū + dd). Their Lorenz structures are similar with K * meson, their distribution amplitudes are the same for ρ and ω and given by [34] too: 
